Wide hybridization between crop brassicas and their wild relatives is an important approach towards increasing the genetic variability, which can be utilised for brassica breeding programs. A new intergeneric hybrid between Erucastrum cardaminoides and Brassica oleracea var. alboglabra was produced using embryo rescue techniques. The F 1 hybrid was intermediate between the male and female parent for most of the morphological characters. Cytological studies of pollen mother cells of the hybrid revealed a preponderance of univalents at metaphase I. The number of bivalents in the digenomic hybrid was lower than expected. However, the presence of trivalent and quadrivalent in cells indicated some homoeology between the two genomes and hence the possibility of introgression of genes into the cultivar. The first backcross progeny was obtained using B. oleracea var. alboglabra as the pollen parent. Further, it is being used for developing new alloplasmic lines. The intergeneric hybrid was also used as bridge species to transfer wild (E. cardaminoides) cytoplasm to B. napus and B. carinata. The new intergeneric hybrid and bridge cross hybrids produced in the present investigation have contributed towards increasing the genic and cytoplasmic variability and thus broadening the genetic base of crop brassicas.
Generation of genic and cytoplasmic variability is very important for the improvement of crop brassicas through breeding programs. Wild and weedy relatives of crop brassicas are known to be reservoirs of genes that impart resistance to biotic and abiotic stresses (Warwick et al. 2000) . Moreover, their cytoplasm can induce cytoplasmic male sterility (CMS) in crop brassicas, which is important for hybrid seed production in oilseed brassicas, and heterosis in vegetable brassicas (Sigareva & Earle 1997; Primard-Brisset et al. 2005; Bhat et al. 2007) . The development of alloplasmic lines has also shown important agronomic traits like early flowering and dwarfness in B. napus (Rao et al.1998 ). An important approach to effectively utilize the wild germplasm for the development of alloplasmic and CMS lines or to introgress desirable traits is the production of wide hybrids between cultivars and wild relatives followed by repeated backcrosses (Prakash 2001; Bang et al. 2007) . The wide hybrids also allow the study of intergenomic affinities between the wild and cultivated species and hence the possibility of introgression of desirable genes into cultivars (Chandra et al. 2004; Garg et al. 2007; Nicolas et al. 2008) .
The genus Erucastrum (tribe Brassiceae) has 23 species but only four species have been utilized for intergeneric hybridization with crop brassicas. Erucastrum cardaminoides is a hardy plant that grows on volcanic soils and in rocky fields (GomezCampo 1984; Warwick et al. 2000) . It shows resistance to white rust, downy and powdery mildews and is tolerant to Alternaria blight (Gupta et al. 1995) . Hybrids between E. cardaminoides and two diploid crop brassicas, B. rapa (AA) and B. nigra (BB), have shown intergenomic affinity, indicating a possibility of introgression of genes (Chandra et al. 2004) . The present investigation is the first report on the production of an intergeneric hybrid between E. cardaminoides (Webb) OE. Schulz (E cd E cd , 2n = 18, female parent) and B. oleracea var. alboglabra (CC, 2n = 18, pollen parent). The study also analyses the extent of possible intergenomic affinity between E cd and C genomes.
MATERIALS AND METHODS
The seeds of E. cardaminoides and B. oleracea var. alboglabra were obtained from the Indian Agricultural Research Institute, New Delhi, and were grown in a botanical garden. The wild species, E. cardaminoides is an annual herb which grows up to a height of 60 cm. Stem and leaves are pubescent. Leaves are lyrate and pinnatifid with acute apex. The plants flower in 35-40 days and remain in flowering for 75-80 days. Flowers are bright yellow and fruits are long and shattering. The cultivar B. oleracea var. alboglabra grows up to a height of 110 cm. Leaves are bluish green and glabrous. Plants flower in about 100 days and remain in flowering for almost 60 days. Petals are white and anthers have mauve tips. Fruits are long and do not shatter easily.
For pollination studies and hybrid embryo rescue, 208 flower buds of the female parent were emasculated a day before anthesis and bagged. The next day they were pollinated using pollen of the male parent and were subsequently rebagged. Ten of the 208 pollinated pistils were excised 24 h after pollination and used for pollen germination and pollen tube growth studies by the aniline blue fluorescence technique (Shivanna & Rangaswamy 1992) . The rest of the pollinated pistils (50 pistils in field and 148 for embryo-rescue) were left on the plant until drying or fruit maturity or used for embryo rescue methods (i.e. ovary, ovule or sequential culture of ovary and ovule). For embryo rescue methods, MS medium (Murashige & Skoog 1962) supplemented with casein hydrolysate (500 mg/l) was used. For ovary and sequential culture, 100 ovaries were excised 4-6 days after pollination (DAP), surface sterilized and then cultured. The cultured ovaries were dissected after 10 days and enlarged ovules were recultured on fresh MS basal medium. For ovule culture, 48 ovaries were excised 15-18 DAP and surface sterilized; ovules were then dissected out under aseptic conditions and cultured on MS basal medium.
The F 1 hybrids were multiplied in vitro using shoot tips and single node segments on MS medium supplemented with 0.2 mg/l benzylaminopurine and subsequently rooted on MS medium with 0.2 mg/l naphthalene acetic acid. In vitro raised F 1 hybrids were then hardened and transferred to field conditions for morphological and cytological studies. For meiotic studies flower buds were fixed in Carnoy's fixative (ethanol:chloroform:acetic acid, 6:3:1) for 24 h and anthers were squashed in 1% acetocarmine.
RESULTS AND DISCUSSION
The aniline blue fluorescence technique (Shivanna & Rangaswamy 1992) was used to study pollen germination and pollen tube growth. The cross, E. cardaminoides (female) × B. oleracea var. alboglabra (male), showed moderate pollen germination and pollen tube entry into the ovary region (Figure 1 ). The reciprocal cross did not show any pollen germination indicating unilateral incompatibility. Similar cases were observed in other intergeneric pollination studies in Brassiceae (Shivanna 1996) . Field pollinations (in E. cardaminoides × B. oleracea) did not yield any seeds, indicating a possibility of post-fertilization barriers. To circumvent this, embryo rescue techniques (ovary, ovule and sequential culture of ovary and ovule) were applied and 13 hybrid seedlings were obtained. The cross efficiency of ovule culture was highest (16%), whereas that of ovary culture and sequential culture was 5.8% and 8.5%, respectively. The F 1 hybrid (Figure 2A) Cytology of pollen mother cells (PMCs) of the digenomic F 1 hybrid (E cd C) revealed the expected number of chromosomes (2n = 18) at Metaphase I ( Figure 3A, B) in all the 143 cells studied. There was a preponderance of univalents and a maximum of 3 bivalents were observed in the PMCs. One trivalent and one quadrivalent was also seen in 22% and 4% of the analysed cells, respectively. In haploids of B. oleracea, up to 3 bivalents were observed (Armstrong & Keller 1982) . Considering the proposed basic chromosome number of the archetype of the tribe Brassiceae to be x = 5 or x = 6 (Quiros 1999) , at least up to 2 bivalents due to autosyndesis are also expected in the haploid genome of E. cardaminoides. The number of bivalents in a digenomic hybrid may be exaggerated because, in addition to autosyndesis, preferential pairing between homoeologous chromosomes was also observed (Jenczewski (Chandra et al. 2004) . Limited homoeology between E cd and C genomes is unexpected because considerable intergenomic homoeology was observed between E cd and A/B genomes (Chandra et al. 2004) . Moreover, since Erucastrum is phylogenetically closer to B. rapa (AA)/B. oleracea (CC) lineage than to B. nigra (BB) lineage (Lysak et al. 2005 ), higher homoeology is expected between E cd and C genomes. It is possible that the presence of E cd and C genomes together in the digenomic hybrid suppresses auto and/or allosyndetic bivalents. Although, the number of bivalents was low, the presence of a trivalent or a quadrivalent may indicate some homoeology between E cd and C genomes. The production of amphidiploids of the digenomic hybrid can further clarify the intergenomic affinities between E cd and C genomes. The F 1 hybrid was backcrossed to obtain BC1 progeny. The F 1 hybrid (as female parent) was also successfully used as bridge species to transfer the wild cytoplasm to B. napus and B. carinata (male parents).
The major implication of the present investigation is that the new intergeneric hybrid and the bridge cross hybrids have added to the existing genetic variability in crop brassicas. They can serve as new potential genetic resources which can be used to develop new CMS/ alloplasmic lines in crop brassicas.
